INTRODUCTION
============

Obstructive sleep apnea syndrome (OSAS) is characterized by nocturnal hypoxemia and frequent arousals during sleep caused by repetitive nocturnal respiratory pauses. OSAS is associated with increased rates of cardiovascular complications, as shown by the high prevalence of OSAS in patients with stroke, transient ischemic attack, or coronary heart disease.[@B1]-[@B3] Atherosclerosis may be responsible for the relationships between OSAS and these cardiovascular and cerebrovascular diseases.[@B4]

Insulin resistance is a condition of an impaired response to insulin and a decrease in insulin-mediated glucose disposal,[@B5] and in the pre-diabetic state, it is associated with atherogenic changes as a mechanism leading to type II diabetes.[@B6] Recently studies have implicated insulin resistance in the pathogenesis and progression of atherosclerosis[@B7],[@B8] as one component of metabolic syndrome which comprises insulin resistance, obesity, hypertension and dyslipidemia.[@B9]

Insulin resistance is closely associated with obesity,[@B10] although this relationship is unclear in patients with OSAS. Although researchers have shown that either OSAS severity or degree of nocturnal hypoxemia is responsible for insulin resistance, independent of obesity,[@B11]-[@B15] obesity itself rather than OSAS severity is reportedly of importance in insulin resistance.[@B16]-[@B18] These conflicting results may be due to differences in the clinical characteristics of study patients or study methods. Because obesity is associated with the development of insulin resistance, adjusting for obesity is important when comparing degrees of insulin resistance. Several previous studies, however, did not control for anthropometric variables.[@B11],[@B12],[@B14],[@B17] We therefore investigated the relationship between insulin resistance and OSAS to identify the factors that may influence insulin resistance in patients with OSAS.

METHODS
=======

Subjects
--------

This study analyzed 183 male patients with OSAS who had been referred to the sleep laboratory at Seoul National University Bundang Hospital for nocturnal polysomnography (NPSG). Of these, 96 patients had mild to moderate OSAS \[apnea hypopnea index (AHI) ≥5 and \<30\] and 87 patients had severe OSAS (AHI ≥30). We also included 52 normal healthy subjects with AHI \<5 on the NPSG. Based on clinical interviews and medical records, we excluded subjects with inflammatory disease, chronic obstructive pulmonary disease (COPD), or cardiovascular diseases such as coronary artery disease, myocardial infarction or congestive heart failure. We also excluded patients taking antihypertensive, antihyperlipidemic, or hypoglycemic agents.[@B19] The study protocol was approved by the Institutional Review Board of the Seoul National University Bundang Hospital, and all subjects provided written informed consents.

Polysomnography
---------------

Overnight polysomnography was performed using an Embla™ N 7000 recording system (Embla; Reykjavik, Iceland) and standard electrodes and sensors. Electroencephalography electrodes were applied at C3/A2, O1/A2 and O2/A1, and two electrooculography (EOG) electrodes were applied at the sides of both eyes. Submental electromyography (EMG) electrodes were applied to the submentalis muscle, and the EMGs of both anterior tibialis muscles recorded limb movements during sleep. Strain gauges were used to record chest and abdominal respiratory movements, and a nasal pressure cannula was used to record airflow. Arterial oxygen saturation was measured using pulse oximeters applied to index fingers. Based on the published criteria,[@B20] we scored every epoch of 30-sec NPSG. Apnea was defined as the complete cessation of airflow for at least 10 seconds. Hypopnea was defined as a substantial (\>50%) reduction in airflow for at least 10 seconds or a moderate reduction in airflow for at least 10 seconds associated with EEG arousals or oxygen desaturation (≥4%).[@B21] AHI was defined as the total number of apnea and hypopnea episodes per hour of sleep and oxygen desaturation index (ODI) was calculated as the number of oxygen desaturations (≥4%) per hour of sleep.

Measurement of insulin resistance
---------------------------------

On the morning after NPSG, blood was drawn from each subject, who had been fasting for at least 8 hours. Serum concentrations of total cholesterol, low-density lipoprotein (LDL) cholesterol, triglycerides, glucose and insulin were measured by standard methods. Insulin resistance was assessed by calculating homeostasis model assessment for insulin resistance (HOMA-IR) using the equation: HOMA-IR=fasting serum insulin (U/mL)×fasting plasma glucose (mmol/L)/22.5.

Statistical analysis
--------------------

SPSS version 12.0K for Windows (SPSS Inc, Chicago, IL, USA) was used for all statistical analyses. Results are presented as means±SD. The Kolmogorov-Smirnov test was used to confirm normality. Differences in parametric clinical variables among the three groups were assessed by analysis of variance (ANOVA) with the Tukey posthoc test. The Kruskal-Wallis test was used to compare non-parametric variables. Pearson or Spearman correlation coefficients were calculated to determine relationships between insulin resistance and clinical or polysomnographic variables, and stepwise multiple regression analysis was used to identify factors that contributed to insulin resistance. Statistical significance was set at *p*\<0.05 for two-tailed tests.

RESULTS
=======

There were no significant differences among the three groups in age, blood pressure, or obesity-related variables; body mass index (BMI), neck circumference, waist circumference and waist-to-hip ratio (WHR) ([Table 1](#T1){ref-type="table"}). Mean AHI, percentage of time below 90% oxygen saturation, and ODI were significantly higher in the severe OSAS group than in the control and mild-to-moderate OSAS groups (*p*\<0.01 for each), and average oxygen saturation and lowest oxygen saturation were significantly lower in the severe OSAS group. Serum concentrations of total cholesterol, LDL cholesterol, triglycerides, glucose and insulin of the control group did not differ from those of either the mild-to-moderate or the severe OSAS groups ([Table 2](#T2){ref-type="table"}). In addition, HOMA-IR did not differ significantly among the three groups.

[Table 3](#T3){ref-type="table"} shows the correlation coefficients of HOMA-IR with the demographic and polysomnographic variables. We found that HOMA-IR significantly correlated with BMI (r=0.31), neck circumference (r=0.21), waist circumference (r=0.32, [Figure 1](#F1){ref-type="fig"}), and WHR (r=0.29) (*p*\<0.01 for each). In addition, ODI (r=0.15, p=0.02), triglyceride (r=0.23, *p*\<0.01), and LDL cholesterol (r=-0.13, p=0.04) significantly correlated with HOMA-IR. HOMA-IR, however, was not significantly correlated with AHI, average O~2~ saturation, lowest O~2~ saturation, or percentage of time below 90% O~2~ saturation. When we performed stepwise multiple linear regression analysis to identify factors significantly contributing to HOMA-IR, we found waist circumference (β=0.35) and triglyceride (β=0.27) to be significant independent determinants of HOMA-IR (adjusted R^2^=20%, *p*\<0.01).

DISCUSSION
==========

We show here that insulin resistance in patients with OSAS significantly correlated with several anthropometric variables (BMI, neck circumference, waist circumference and WHR), but not with AHI or any nocturnal hypoxemia-related variables except ODI. Although the correlations between HOMA-R and the anthropometric variables were modest, multivariate analysis still found waist circumference to be an independent predicator of HOMA-IR. These findings indicate that changes of insulin resistance in OSAS patients result from obesity rather than the severity of OSAS or nocturnal hypoxemia. In this study, we found trends of triglycerides (TG) increases and insulin level decreases in the following order; normal controls, mild-to-moderate OSAS and severe OSAS patients. These findings might be comparable to those in other studies, but no definite relation between either TG or insulin and OSAS could be assumed in this study due to the lack of statistical significance.

Although insulin resistance has been associated with OSAS,[@B22] the factors determining insulin resistance in OSAS patients are unclear. Insulin resistance is related to obesity.[@B10] Many patients with OSAS are obese, and studies have repeatedly shown obesity has an impact on the increased prevalence of OSAS.[@B23],[@B24] Researchers reported that obesity itself has been implicated in insulin resistance in OSAS patients.[@B16]-[@B18] In contrast, other reports show that the severity of OSAS (AHI) or nocturnal hypoxemia, as determined by average O~2~ saturation or minimum O~2~ saturation, correlate with insulin resistance rather than obesity.[@B11]-[@B15] In several previous studies, apneic patients were more obese than control subjects, as assessed by BMI[@B11],[@B12],[@B14] or waist circumference.[@B17] Those conflicting results regarding the actual contributing factors to insulin resistance may be due to differences in the clinical characteristics of study patients or study methods. Thus, anthropometric variables should be adjusted when comparing the degree of insulin resistance in patients with OSAS and this study has the merit of controlling obesity-related parameters between OSAS patients and normal controls.

We observed no significant differences in HOMA-IR among these groups of individuals categorized by severity of OSAS, but waist circumference was a significant determinant of HOMA-IR. Our results indicate that obesity itself, rather than severity of OSAS or nocturnal hypoxemia, may influence insulin resistance. In our study, there were no significant differences in anthropometric variables (BMI, neck circumference, waist circumference and WHR) among the normal control, mild-to-moderate OSAS, and severe OSAS groups. In addition, serum levels of cholesterol, tyiglyceride, LDL cholesterol, and glucose of the normal control also did not differ from those of mild-to-moderate or severe OSAS group. We controlled anthropometric and metabolic variables to eliminate confounding influences of those variables on the relationship between OSAS and insulin resistance. We also excluded patients with cardiovascular disorders, which could lead to a negative selection bias because this may have included only OSAS patients at lower risk for cardiovascular disorders. However, we sought for independent relationship between OSAS and insulin resistance, and it could be an acceptable approach to that purpose to control confounding variables as strictly as possible. Cardiovascular disorders and obesity have been known to correlate with insulin resistance. Thus we excluded patients with cardiovascular disorders and controlled for obesity between OSAS patients and normal controls.

The results of nasal continuous positive airway pressure (nCPAP) studies support our data. The nCPAP is regarded as the most effective therapy for OSAS. Insulin resistance, however, cannot be improved by nCPAP in the absence of significant changes in anthropometric profiles. Neither insulin resistance nor weight significantly changes after nCPAP treatment,[@B25]-[@B32] and we have also reported that insulin resistance was not improved by at least 3 months of nCPAP treatment.[@B33] These results indicate insulin resistance is associated with obesity rather than with severity of OSAS, although these conclusions are still conflicting with other studies.[@B34]-[@B36]

We included only male patients with OSAS because gender may affect insulin resistance.[@B37] This, however, may limit the applicability of these results to general populations. Our OSAS patients had lower BMIs compared to subjects of studies in western countries. The low percentage of obese OSAS patients in our study may be a clinical characteristic of Asian patients.[@B38] It may be argued that the sample size in this study was insufficient to detect any significant difference, but the number of subjects in this study (n=235) is comparable to numbers in previous studies.[@B11],[@B12],[@B15] In conclusion, our findings show insulin resistance in OSAS patients is due to obesity rather than to severity of OSAS.
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###### 

Demographic and clinical characteristics of subjects

![](pi-8-245-i001)

^\*^*p*\<0.05, normal controls vs. mild to moderate, ^†^*p*\<0.05, normal controls vs. severe, ^‡^*p*\<0.05, mild to moderate vs. severe. AHI: apnea hypopnea index
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Laboratory findings of subjects
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HOMA-IR: homeostasis model assessment for estimating insulin resistance=\[fasting serum insulin (U/mL)×fasting plasma glucose (mmol/L)/22.5\], LDL: low-density lipoprotein
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Correlation between HOMA-IR and demographic or clinical variables
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^\*^p-value\<0.05, ^†^p-value\<0.01. HOMA-IR: homeostasis model assessment for estimating insulin resistance, BMI: body mass index, AHI: apnea hypopnea index, LDL: low-density lipoprotein
